For DNA differential diagnosis of human Taenia cestodes, a base excision sequence scanning thymine-base method using the cytochrome c oxidase subunit I and cytochrome b genes as targets was used. The characteristic thymine-base peak profiles provide four distinct types, unique for T. saginata, T. asiatica, and two genotypes of T. solium. This approach provides a useful tool for the identification and diagnosis of human taeniid cestodes without DNA sequencing if nucleotide sequence databases are available.
Taenia solium and Taenia saginata are well-known parasites of medical and economic importance, causing cysticercosis in pigs and cattle and taeniasis in humans. T. solium is also an organism severely pathogenic to humans, causing fatal neurocysticercosis when cysticerci, the larval stage of T. solium, develop in the central nervous system. In recent years, this disease has been reported to be of particular importance not only in many developing countries (6, 15) , but also in areas of nonendemicity, affecting immigrants, tourists (4), and, probably, refugees. Both T. solium and T. saginata have a worldwide distribution, but another human taeniid tapeworm, Taenia asiatica, which is phylogenetically and morphologically related to T. saginata, is distributed in Asian regions (5) . This tapeworm was originally described as T. saginata subsp. asiatica. Interestingly, the intermediate host for T. asiatica is swine, as in the case of T. solium. In Asian regions, where these human taeniid cestodes are distributed sympatrically, it is not always possible to identify or characterize these cestodes accurately, including the cysticerci and eggs. In order to overcome limitations in identification of taeniid cestodes based on traditional methods, molecular approaches such as PCR-restriction fragment length polymorphism, single-strand conformation polymorphism (SSCP), and PCR have been reported (1, (7) (8) (9) . Each of these methods has its advantages. More excitingly, it has been reported that T. solium forms two phylogenetic clusters-Asian and American/African groups-based on mitochondrial gene analysis (12) (13) (14) , indicating the existence of two genotypes. This makes the morphological identification of human Taenia tapeworms more difficult.
In the present study, therefore, a base excision sequence scanning thymine-base (BESS T-base) system has been introduced for the accurate characterization of human Taenia and the two genotypes of T. solium. This system originally was developed for the identification of genetic variations (10, 11) and then was applied to virus isolates (3) and tumor suppressor genes (2). It detects mutations by incorporating limiting amounts of dUTP into a PCR product, resulting in the removal of the uracil base and cleavage of the phosphodiester bond at these abasic sites to produce a DNA ladder virtually identical to a thymine (T) sequencing ladder. A total of 38 human taeniid samples were examined (Table  1 ). All parasite samples were stored in absolute ethanol at Ϫ30°C after collection. Mitochondrial DNA was prepared from an individual cysticercus or proglottid by using a DNeasy Tissue kit (Qiagen, Hilden, Germany). As target genes, the cytochrome c oxidase subunit I (Cox 1) and cytochrome b (Cytb) genes were used, because their nucleotide sequences have been determined completely (13) . On the basis of the nucleotide sequences of the Cox 1 and Cytb genes from human Taenia cestodes, species-or genotype-specific T bases are dispersed over the genes. In this study, some regions containing characteristic T bases useful for differentiating among human Taenia cestodes were selected. First, the entire Cox 1 and Cytb genes were amplified for use as template DNA in BESS T-base were excised with uracil N-glycosylase and then cleaved with endonuclease IV. Subsequently, the samples were electrophoresed for 2.5 h in a 6% polyacrylamide sequencing gel containing 8 M urea. GeneScan 400HD (Applied Biosystems, Inc.) was used as a size standard. Based on the nucleotide sequences of Cox 1 from Taenia tapeworms, the bases at four positions (153, 174, 189, and 195) within the first 200 bp of the Cox 1 P1/P2 fragment are not conserved among human taeniid cestodes and thus seem to be useful as diagnostic markers (Fig. 1A) . Figure 1 shows representative results of BESS T-base analysis. As expected, the T-base peak profiles could be categorized into four types unique for T. saginata, T. asiatica, and the two genotypes of T. solium. For example, nucleotide 153 of the Cox 1 gene is T only in T. asiatica, and is guanine in T. saginata and T. solium. The results of BESS T-base analysis were as expected. Namely, a T-base peak appeared at position 153 in T. asiatica, but no T-base peak appeared in the other Taenia tapeworms (Fig.  1A) , demonstrating that the T-base peak serves as a differential marker. If the parasite is T. saginata, diagnostic T-base peaks will appear at both positions 174 and 189. Similarly, if T-base peaks appear at both positions 189 and 195, the taeniid parasites should be of the American/African genotype of T. solium. However, if a T-base peak appears at position 195, but none is present at position 189, the parasite can be identified as of the Asian genotype of T. solium. When the Cox 1 gene is used, the American/African genotype can be distinguished from the Asian genotype of T. solium, but it is impossible to differentiate between the American and African types of T. solium. By utilizing a Cytb fragment (P3/P4), however, it is possible to differentiate between the American and African types. In this Cytb fragment, four positions used as diagnostic markers are shown in Fig. 1B . T-base peaks appear at both positions 264 and 277 in the American type of T. solium, whereas a T-base peak at position 264, but not at position 277, indicates African T. solium. The Asian genotype of T. solium is easily identified by the lack of a T-base peak at position 264, because Asian T. solium has a cytosine at this position. The T-base peak profiles of T. saginata and T. asiatica are almost the same, but an additional T-base peak at position 253 appears in T. saginata because of the presence of six continuous T bases. Thus, by comparing characteristic T-base peak profiles, it is possible to differentiate easily and accurately among human taeniid cestodes without the need for DNA sequencing. SSCP is also a useful approach that can detect single-nucleotide differences without DNA sequencing, and it has been applied to the identification of human taeniid tapeworms (8) , but the electrophoresis and autoradiography procedures involved are time-consuming. Compared with SSCP analysis, BESS T-base analysis is a much more rapid and facile protocol. In the BESS T-base system, mitochondrial DNA can be used directly as a template DNA instead of the entire Cox 1 and Cytb genes (data not shown). Furthermore, by utilizing a capillary system (for example, model ABI 310), it is also possible to shorten the analysis time.
In conclusion, if nucleotide databases are available, the BESS T-base system provides a very useful tool, not only for the identifying taeniid specimens expelled from taeniasis patients, in order to speculate on the basis of molecular epidemiology and the locality where the patient was infected, but also for studying genetic variations in a variety of pathogenic agents and genes related to the diseases.
